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^ The present invention is directed to a process for the pre- 
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proved hydrolytic stability by 
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BACKGROUND OF THE INVENTTmi 
Field of the InvenHfm 

5 *v ^ PreBCnt inVentlon is di '«ted to a process 

-or the production of stable, aqueous dispersions of 
polyurethane-ureas having good hydrolytic stability and 
contalnxng chemically incorporated carboxylate groups 
vhich are neutralized with specific alkali metal 
cations . 

10 Descriptio n of the Prim- 

The production of linear or cross-linked 
aqueous polyurethane-urea dispersions is known as shown 
by U.S. Patents 3,479,310; 4,066.591; 4,092,286; 

.108.814; 4,237,264; and 4.238.378 which disclose 
linear polyurethane-ureas and U.S. Patents 3.870 684 
4.203.883 and 4.408,008. which disclose cross-linked 
polyurethane-ureas. The aqueous polyurethane-urea 
dispersions may be used for a wide range of commercial 
applications such as adhesives or coatings for various 
substrates including textile fabrics, plastic, wood, 
glass fibers and metals. Chemical resistance, abrasion 
resistance, toughness, tensile strength, elasticity and 
durability are among the many desirable properties of 
these coatings. In some cases these properties of 
coatings prepared from aqueous polyurethane-urea 
dispersions have equaled or even surpassed the 
performance levels of coatings obtained from 
solvent-based polyurethane lacquers. 

Most of the commercial aqueous 
polyurethane-urea dispersions contain chemically 
incorporated carboxylic acid groups which are 
neutralized with volatile organic bases such as 
tertiary amines to form the corresponding carboxylate 
groups.. These groups provide hydrophilicity to the 
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polyurethane-ureas and enable them to be stably 
dispersed in water. One of the properties of coatings 
produced from these aqueous polyurethane-urea 
dispersions which needs to be improved in order to 

5 match the performance of coatings prepared from 

solvent-based polyurethane lacquers is the hydrolytic 
stability, i.e. the resistance to degradation of 
coatings properties caused by humidity aging. This 
property is adversely affected by the volatile 

10 base-neutralized carboxylate groups. 

Previous methods to improve the hydrolytic 
stability have been disclosed in U.S. Patent 4,501,852 
wherein aqueous polyurethane-urea dispersions are 
prepared by using a specific mixture of volatile and 

15 nonvolatile bases to neutralize the chemically 

incorporated acid groups. It is disclosed therein that 
the presence of nonvolatile cations such as sodium 
increases the hydrolytic stability of coatings produced 
from the dispersions, while the presence of cations 

20 produced from volatile bases increases the water 
resistance or resistance to water swell of the 
coatings. 

U.S. Patent 4,401,786 discloses the addition 
of electrolytes, preferably ones based on divalent 

25 cations, to existing polymer dispersions to improve the 
water resistance and/or blocking resistance of coatings 
prepared from the dispersions. However, the stability 
of these dispersions is affected by the addition of 
electrolytes unless they also contain nonionic 

30 hydrophilic groups. In addition, the use of 

electrolytes based on divalent cations appears to be 
necessary when the polymer dispersions are based on 
polyurethane-urea s . 

U. S. Patent 4,385,137 also discloses 

35 improving the water resistance of existing aqueous 
dispersions containing chemically incorporated 
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sulfonate groups by treating th dispersion's' with °/ 1 *** 7 
cation exchange resin to replace the alkali metal r 
ammonium cations initially present with silver 
monovalent copper or divalent cations. Finally U.S. 

5 Patent 4,293, 474 discloses aqueous polyurethane-urea 
dispersions containing both ionic and nonionic 
hydrophillc groups in admixture with electrolytes and 
U.S. Patent 4,171,491 discloses the coagulation of 
aqueous polyurethane dispersions by treatment with 

10 electrolytes. 

Even though methods are available for 
^proving the hydrolytic stability or water resistance 
of aqueous polyurethane-urea dispersions there is still 

i, IT<,< ; Sin,Ple ° f in, P rovi "E the hydrolytic 

15 stability of existing, fully prepared dispersions. 

Accordingly, it is an object of the present 
invention to provide aqueous polyurethane-urea 
dispersions which may be used to prepare coatings 
having improved hydrolytic stability. 

20 . Xt is an additional object of the present 

invention to provide aqueous polyurethane-urea 
dispersions which may be used to prepare coatings 
having excellent chemical resistance, abrasion 
resistance, toughness, tensile strength, resistance to 
25 water swell, elasticity and durability. 

It is a further object of the present 
invention to be able to post treat existing aqueous 
polyurethane-urea dispersions which may then be used to 
prepare coatings having improved hydrolytic stability 
30 Surprisingly, it has been found that these 

objectives may be achieved according to the present 
invention as hereinafter described. 

SUMMARY OF TH E INVENTION 

35 for «, ^ PreSCnt Wntlon ls di "'ted to a process 
35 for the preparation of aqueous polyurethane-urea 

dispersions with improved hydrolytic stability by 
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a) forming an aqueous polyure thane -urea dispersion 
optionally by chain extending an aqueously dispersed 
isocyanate-terminated prepolymer containing 

i) about 5 to 120 milliequivalents , per 100 
grams of polyure thane -urea , of chemically 
incorporated anionic groups wherein at least 
about 502 of said anionic groups are 
carboxylic acid groups neutralized with 
volatile organic bases and 

ii) up to about 10Z by weight, based on the 
weight of said polyurethane-urea, of lateral 
and/or terminal hydrophilic chains containing 
ethylene oxide units, 

b) converting the volatile, organic 
base-neutralized carboxylic acid groups to nonvolatile 
cation-neutralized carboxylate groups by adding alkali 
metal salts of organic or inorganic acids having a pKa 
greater than 0 to the aqueous polyurethane-urea 
dispersion of (a) or,, in the case of aqueous 
polyurethane-urea dispersions prepared by chain 
extending isocyanate-terminated prepolymers satisfying 
the requirements of (a)(i) in the aqueous phase, by 
adding the alkali metal salts to the aqueous 
polyurethane-urea dispersion of (a) or to the aqueous 
medium used for dispersing the isocyanate-terminated 
prepolymer either before or after dispersing the 
prepolymer therein, in an amount sufficient to displace 
at least a portion of the volatile organic bases 
and, optionally , 

c) removing the volatile organic bases by 
distillation, optionally under reduced pressure. 

DETAILED DESCRIPTION OF THE INVENTION 
In accordance with the present invention, 
aqueous polyurethane-urea dispersions containing 
carboxylate groups neutralized with volatile organic 
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bases are formed in known'manner using conventional 
starting materials. Any of the known processes and 
starting materials may be used for preparing the 
dispersions with the only requirement being that the 
polyurethane-ureas contain chemically incorporated 
carboxylic acid groups neutralized with volatile 
organic bases Nonlonlc hydrophilic groups 
pre ent as veil as other types of ionic groups such as 
sulfonate groups. These other ionic groups may be 
neutrali 2 ed with either volatile organic bases or even 
with the nonvolatile alkali metal salts disclosed 
hereinafter. Even a portion of the incorporated 
carboxylic acid groups may already be neutralized with 
these alkali metal salts provided that the 
15 polyurethane-ureas also contain carboxylic acid groups 
neutralized with volatile organic bases. ' 

The fully prepared dispersions are treated in 
accordance with the present invention by adding 
specific alkali metal salts and preferably removing the 
20 volatile organic bases by distillation. It is possible 
when certain processes are used for preparing the 
aqueous dispersions to add the alkali metal salts 
before the isocyanate-terminated prepolymers are chain 
extended to form the aqueous polyurethane-urea 
25 dispersions. 

The aqueous polyurethane-urea dispersions are 
preferably prepared by a two-stage process wherein an 
isocyanate-terminated prepolymer is formed in the first 
stage by reacting an excess of a polyisocyanate with an 

3C isocyan.t-re.ctiv. component as discussed in more 
detail hereinafter. The isocyanate-terminated 
prepolymer is then chain extended in a second stage to 
form the polyurethane-urea either before, during or 
«fter being mixed with an aqueous medium. However it 

35 is possible to prepare the polyurethane-ureas in a' 
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one-step process in accordance with U.S."Patent 

3 A79.310 to be discussed hereinafter, even though the 

formation of a prepolymer is preferred when conducting 

this process. 

Examples of suitable polyisocyanates to be 
used in preparing the isocyanate-terminated prepolymers 
in accordance with the present invention are organic 
diisocyanates represented by the general formula 



R(NCO) 



2 



in which R represents an organic group obtainable by 
removal of the isocyanate groups from an organic 
diisocyanate having a molecular weight of from about 
112 to 1,000, and preferably from about HO to A00. 
15 Diisocyanates preferred for the process according to 
the invention are those represented by the general 
formula indicated above in which R represents a 
divalent aliphatic hydrocarbon group having from A to 
18 carbon atoms, a divalent cycloaliphatic hydrocarbon 
group having from 5 to 15 carbon atoms, a divalent 
araliphatic hydrocarbon group having from 7 to 15 
carbon atoms. Examples of the organic diisocyanates 
which are particularly suitable for the process include 
tetramethylene diisocyanate, 1 ,6-hexamethylene diiso- 
25 cyanate, dodecamethylene diisocyanate, cyclohexane-1 ,3- 
and -l,A-diisocyanate, l-isocyanato-3-isocyanatomethyl- 
3,5,5-trimethylcyclohexane (isophorone diisocyanate or 
IPD1), bis- (A-isocyanatocyclohexyl) -methane, 1,3- and 
l,A-bis(isocyanatomethyl)cyclohexane, bis-(A-iso- 
30 cyanato-3-methyl-cyclohexyl)-methane and o.a.o'io',- 
tetramethyl-xylylene diisocyanate. Mixtures of 
diisocyanates can, of course, be used. Preferred 
diisocyanates are 1 ,6-hexamethylene diisocyanate, iso- 
phorone diisocyanate and his- (A-isocyanatocyclohexyl) - 
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cont.< < ln w"' 1 ™ to the org>nlc """cyanates 

S boul J 1 " 1 ' U ' ,h " l ""y- "a/or cyclo.liphatically- 
5 bound isocyanate gronps prevlou J 

also possible In accordance with the present invention 

vhe»: n a r 8tiC dllE °<™«" ° f «- above formu u 
"herein R represents a dlfunctlonal aromatic 

10 Suitable aromatic dlisocyanatea Include 2,4-dli.ocya- 
na o toluene, 2.6-diisocyanato toluene. mixtur of 
these isomers. M ..dli S ocyan.to dipheny! methane and 
Its Isomeric matures «ith !.«.. .„d optionally 
2.2 -dllsocyanato dlphenyl methane, and 1 ,5-dllsocya- 

15 nato naphthalene. onsocye- 

used to „ Wh ' m *""*»-»*• «e exclusively 

used to prepare prepolymers, the terminal isocanate 

due to the higher rate of reactivity for aromatlcally- 
2 0 bound socyanate groups when compared to allphat . L 

the known processes to be discussed hereinafter for 
converting the prepolymers i„ t „ polyurethane-ureas In 
the second stage of the two-stage process cannot be 

» conducted in large scs.e applications with prepolymers 
Wmg aromatically-bound, terminal Uocy.nL g™ P 7 
especially when the second step is conducted in the 
Presence of an aoueous medium. However when mixtures 
of aromatic and nonaromatlc dllsocyanates are used and 

0 when both of the isocyanate groups of the aromatic 

bac^r"'^" Sub " ant1 '^ incorporated into the 
backbone of the prepolymers, then the prepolymers nay 
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One method of preparing the prepolymers 
containing internal aromatic diisocyanates is to form 
an OH-terminated prepolymer vhich is subsequently 
capped with an organic diisocyanate containing 
aliphatically- and/or cycloaliphatically-bound 
isocyanate groups. However, it is also possible to 
prepare the prepolymers containing internal, aromatic 
diisocyanates in one step by adding the isocyanate- 
reactive component to a mixture of the aromatic 
diisocyanate and the organic diisocyanate containing 
aliphatically- and/or cycloaliphatically-bound 
isocyanate groups. Due to the higher reactivity of the 
aromatic diisocyanates, they will generally react 
preferentially and be substantially incorporated into 
the backbone of the prepolymer. 

The organic compounds containing at least two 
isocyanate-reactive groups which are reacted with the 
previously described organic diisocyanates to prepare 
the isocyanate-teminated prepolymers can be divided 
into two groups, i.e., high molecular weight compounds 
with molecular weights from 400 to about 6,000, 
preferably from 400 to about 3,000, and low molecular 
weight compounds with molecular weights below 400. 
Examples of the high molecular weight compounds are 
polyester polyols, polyether polyols, polyhydroxy 
polycarbonates, polyhydroxy polyacetals , polyhydroxy 
polyacrylates, polyhydroxy polyester amides and 
polyhydroxy polythioetbers. The polyester polyols, 
polyether polyols and polyhydroxy polycarbonates are 
preferred. 

Suitable polyester polyols include reaction 
products of dihydric alcohols and dibasic carboxylic 
acids. Instead of free dicarboxylic acids, the 
corresponding dicarboxylic acid anhydrides or 
dicarboxylic acid esters of lower alcohols or mixtures 
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thereof may be used for preparing the polyesters. The 
dicarboxylic acids may be aliphatic, cycloaliphatic, 
aromatic and/ r heterocyclic and they may be 
substituted, e.g. by halogen atoms, and/or 
5 unsaturated. The following are mentioned as examples: 
succinic acid, adipic acid, suberic acid, azelaic acid 
sebacic acid, phthalic acid, isophthalic acid, 
tritnellitic acid, phthalic anhydride, tetrahydro- 
phthallc anhydride, hexahydrophthalic anhydride, 
10 tetrachlorophthalic anhydride, endomethylene tetra- 
hydrophthalic anhydride, glutaric anhydride, maleic 
acid, maleic anhydride, fumsric acid and dimeric fatty 
acids such as oleic acid, dimethyl terephthalate and 
bis-glycoterephthalate. Suitable dihydric alcohols 
15 include ethylene glycol, propylene glycol-(l,2) and 
-(1.3), butylene glycol- (1 ,4) and -(1,3), 
hexanediol-n.6), octanediol- (1 ,8) . neopentyl glycol, 
cyclohexanedimethanol (1 , 4-bis-hydroxymethylcyclo- 
hexane), 2-methyl-l ,3-propane diol, 2 ,2 ,4-trinethvl 
20 -1.3-pentanediol, triethylene glycol, tetraethylene 
glycol, polyethylene glycol, dipropylene glycol, 
polypropylene glycol, dibutylene glycol and polv- 
butylene glycol. The polyesters may also contain a 
proportion of carboxyl end groups. Polyesters of 
25 lactones, e.g. E -caprolactone, or hydroxycarboxylic 
acids, e.g. u -hydroxycaproic acid, may also be used. 

Polycarbonates containing hydroxy groups 
include those known per se such as the products 
obtained from the reaction of diols such as 
30 Propanediol- (1,3), butanediol-(l ,4) and/or 

hexanediol-(l,6), dlethylene glycol, triethylene glycol 
or tetraethylene glycol with diarylcarbonates , e.g. 
diphenylcarbonate, or phosgene. 

Suitable polyether polyols are obtained in 
35 known manner by the reaction of the starting compounds 
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vhich contain reactive hydrogen atoms with alkylen 
oxides such as ethylene oxide, propylene oxide, 
butylene oxide, styrene oxide, tetrahydrofuran, 
epichlorohydrin or mixtures of these alkylene oxides. 
It is preferred that the polyethers do not contain more 
than about 10Z by weight of ethylene oxide units. Most 
preferably, polyethers obtained without the addition of 
ethylene oxide are used. Suitable starting compounds 
containing reactive hydrogen atoms include water and 
the dihydric alcohols set forth for preparing the 
polyester polyols. 

Polyethers modified by vinyl polymers are also 
suitable for the process according to the invention. 
Products of this kind may be obtained by polymerizing, 
e.g. styrene and acrylonitrile in the presence of 
polyethers (U.S. Patent Hos. 3,383,351; 3,304,273; 
3,523,095; 3,110,695 and German Patent No. 1,152,536). 

Among the polythioethers which should be 
particularly mentioned are the condensation products 
obtained from thiodiplycol on its own and/or with other 
glycols, dicarboxylic acids, formaldehyde, 
aminocarboxylic acids or amino alcohols. The products 
obtained are either polythio-mixed ethers, 
polythioether esters or polythioether ester amides, 
depending on the co-components. 

Suitable polyacetals include the compounds 
which can be prepared from aldehydes, e.g. 
formaldehyde, and glycols such as diethylene glycol, 
triethylene glycol, ethoxylated A , A 1 -dihydroxy- 
diphenyl-dimethylmethane , and hexanediol-(l ,6) . 
Polyacetals suitable for the purpose of the invention 
may also be prepared by the polymerization of cyclic 
acetals. 

Suitable polyhydroxy polyester amides and 
polyamides include the predominantly linear condensates 
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obtained from polybasic saturated and unsaturated 
carboxylic acids r their anhydrides and polyvalent 
saturated or unsaturated aminoalcohols , diamines, 
polyamines and mixtures thereof. 

Suitable monomers for producing hydroxy- 
functional polyacrylates include acrylic acid, 
nethacrylic acid, crotonic acid, maleic anhydride, 
2-hydroxyethyl acrylate, 2 -hydroxy ethyl methacrylate, 

2- hydroxypropyl acrylate, 2-hydroxypropyl methacrylate, 

3- hydroxypropyl acrylate. 3-hydroxypropyl methacrylate. 
glycidyl acrylate, glycidyl methacrylate, 2-isocvanato- 
ethyl acrylate and 2-isocyanatoethyl methacrylate. 

The compositions may also contain a low 
molecular weight ispcyanate-reactive component having 
en average molecular weight of up to 400. The low 
molecular weight compounds which may optionally be used 
in combination with the high molecular weight 
isocyanate-reactive compounds for the preparation of 
the isocyanate-terminated prepolymers include the 
dihydric alcohols which have been described for the 
preparation of the polyester polyols; diamines such as 
diaminoethane. 1 ,6-diaminohexane, piperazine, 
2 , 5-dimethylpiperazine , l-amino-3-aminomethyl-3 .5 ,5- 
trimethylcyclohexane (isophorone diamine or IPDA) ,' 
bis- (4-aminocyclohexyl) -methane, bis-(4-amino-3-methyl- 
cyclohexyl) -methane, 1 ,4-diaminocyclohexane , 
1 ,2-propylene diamine t hydrazine; amino acid 
hydrazides; hydrazides of semicarbazidocarboxylic 
acids ; bis-hydrazides; bis-semicarbazides and the 
like. The dihydric alcohols are the preferred low 
molecular weight isocyanate-reactive component for 
preparing the isocyanate-terminated prepolymers. 

In addition to the above-mentioned components 
vhich are preferably difunctional in the isocyanate 
polyaddition reaction, monofunctional and even small 
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proportions of trifunctional and higher functional 
components generally known in polyurethane chemistry, 
such as trimethylolpropane , may be used in special 
cases in vhich slight branching of the isocyanate- 
terminated prepolymer is desired. However, these 
prepolymers should be substantially linear and this may 
be achieved by maintaining the average functionality of 
the prepolymer starting components below about 2.1. 

In order to enable the polyurethane -urea to be 
stably dispersed in an aqueous medium, anionic or 
potential anionic groups and, optionally, lateral or 
terminal, hydrophilic ethylene oxide units are 
chemically incorporated into the polyure thane-urea. 
The anionic or potential anionic groups are 
incorporated in an amount sufficient to provide an 
anionic group content of about 5 to 120 milliequi- 
valents, preferably about 10 to 80 milliequivalents , 
more preferably about 10 to 60 milliequivalents and 
most preferably about 10 to 30 milliequivalents per 
100 g of polyurethane-urea. The content of hydrophilic 
ethylene oxide units may be up to about 10Z, preferably 
up to about 8Z, more preferably about 1 to 61 end most 
preferably about 2 to 6Z, by weight, based on the 
weight of the polyurethane-urea. In addition, up to 
about 151 of the allowable, chemically incorporated, 
hydrophilic ethylene oxide units may be replaced by the 
known nonionic, external emulsifiers such as those of 
the alkaryl type such as polyoxyethylene nonyl phenyl 
ether or polyoxyethylene octyl phenyl ether; those of 
the alkyl ether type such as polyoxyethylene lauryl 
ether or polyoxyethylene oleyl ether; those of the 
alkyl ester type such as polyoxyethylene laurate, 
polyoxyethylene oleate or polyoxyethylene stearate; and 
those of the polyoxyethylene benzylated phenyl ether 
type. 
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The anionic or potential anionic groups may be 
chemically incorporated into the isocyanate-teminated 
prepolymer or may be chemically incorporated through 
the chain extender vhich is used to form the 
polyurethane urea from the prepolymer. Suitable 
compounds for incorporating these groups include 

i) monoisocyanates or diisocyanates vhich contain 
anionic or potential anionic groups and 

ii) compounds which are monofunctiona] or di- 
functional in the isocyanate-polyaddition reaction and 
contain anionic or potential anionic groups. 

The anionic groups are formed by neutralizing 
the corresponding potential ionic groups either prior 
to, during or after formation of the polyurethane- 
urea. When the potential anionic groups are 
neutralized prior to their incorporation into the 
polyureth.ne-urea. the anionic groups are incorporated 
directly. When neutralization is performed subsequent 
to forming the polyurethane-urea , potential ionic 
groups are incorporated. 

The anionic groups to be used in accordance 
with the present invention are carbcocylate groups 
however a portion of the carboxylate groups , i.e. 'up to 
about 502, preferably up to about 202, based on 
equivalents may be replaced by other known 
anionic-groups such as sulfonate groups. Most 
preferably, substantially all of the enionic groups are 
carboxylate groups. 

Suitable compounds for incorporating the 
carboxylate or sulfonate groups are described in U S 
Patents 3,479,310, 4,108,814 and 4,303,774 the 
disclosures of which are herein incorporated by 
reference. The preferred sulfonate groups for 
incorporation into the isocyanate-tenninated prepolymer 
are the diol sulfonic acids or the diol sulfonates 
disclosed in U.S. Patent 4,108,814. 
Mo-2698 
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The neutralizing agents for converting the 
potential anionic groups to anionic groups are more 
fully discussed hereinafter. Within the context of 
this invention, the term "neutralizing agents" is meant 

5 to embrace all types of agents which arc useful for 

converting potential anionic groups to anionic groups. 

The preferred carboxylase groups for 
incorporation into the isocyanate-terminated prepolymer 
are derived from hydroxycarboxylic acids of the general 

10 formula: 

(H0) x Q(C00H) y 

wherein 

Q represents a straight or branched, hydrocarbon 

radical containing 1 to 12 carbon atoms, and 
x and y represent values from 1 to 3. 
Examples of these hydroxycarboxylic acids include 
citric acid and tartaric acid. 

The preferred acids are those of the above- 
mentioned formula wherein x « 2 and y - 1. These 
dihydroxy alkanoic acids are described in U.S. Patent 
3,412,054, herein incorporated by reference. The 
preferred group of dihydroxy alkanoic acids are the 
a, crdimethylol alkanoic acids represented by the 
structural formula 

CH 2 OH 
Q' -C-COOH 
CH 2 OH 

30 wherein Q' is hydrogen or an alkyl group containing 1 
to 8 carbon atoms. The most preferred compound is 
a , a -dimethylol propionic acid, i.e.*, when Q' is methyl 
in the above formula. 
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When incorporating the anionic or potential 
anionic groups through the chain extender u E ed t 
convert the isocyanate-tenninated prepolymer to the 
polyurethane-urea in the second stage of the two-stage 

5 process, it is preferred to use amino functional 
compounds containing anionic or potential anionic 
groups such as the diamino carboxylic acids or 
carboxylates disclosed in U.S. Patent 3,539,483 or 
salts of 2,6-diamino-hexanoic acid. When sulfonate 

10 groups are desired they may be incorporated through the 
chain extenders using salts of isethionic acid or 
preferably diamino sulfonates of the formula 

H 2 N-A-NH-B-S0 3 e 

15 vherein 

A and B represent aliphatic hydrocarbon radicals 
containing 2 to 6 carbon atoms, preferably ethylene 
groups. 

Whether the anionic groups are incorporated 
into the polyurethane-urea via the prepolymer or the 
chain extender is not critical. Therefore, the anionic 
groups may exclusively be incorporated via the 
prepolymer or via the chain extender or a portion of 
the anionic groups may be introduced according to each 
25 alternative. However, it is preferred to introduce the 
anionic groups via the prepolymer since this allows a 
wider range of process variations in preparing the 
polyurethane-urea dispersion. 

Suitable compounds for incorporating the 
lateral or terminal, hydrophilic ethylene oxide units 
may be either monofunctional or difunctional in the 
context of the isocyanate-polyaddition reaction and 



30 
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include 



i) diisocyanates which contain lateral, 
hydrophilic ethylene oxide units, 
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ii) compounds which are dlfunctional in the 
isocyanate-polyaddition reaction and contain lateral, 
hydrophilic ethylene oxide units, 

iii) monoisocyanates v;hich contain terminal, 
hydrophilic ethylene oxide units, 

iv) compounds which are monofunctional in the 
isocyanate-polyaddition reaction and contain terminal, 
hydrophilic ethylene oxide units, and 

v) mixtures thereof. 

The preferred difunctional hydrophilic 
components having lateral hydrophilic chains containing 
ethylene oxide units include compounds corresponding to 
the following general formula: 



R* R' 

HO-CH-CH 2 -N-CH 2 -CH-OH 

CO-NH-R-NH-CO- Z-X-Y-R" ^ 



0219677 



and/or compounds corresponding to the following general 
formula: 



OCN-R-N-CO-NH-R-NCO 
i 

CO 

z-x-y-r" 



?° (ID 



Preferred difunctional hydrophilic components 
are those corresponding to general formula (I) above. 

In general formula (I) and (II) above, 
R represents a difunctional radical of the type 

obtained by removing the isocyanate groups 

from a diisocyanate corresponding to the 

general formula: 
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R(NCO) 2 



15 



of the above-mentioned type, 

R 



represents hydrogen or a monovalent 
hydrocarbon radical containing f rom 1 to 8 
carbon atoms, preferably a hydrogen atom or a 
methyl group; 

*" represents s monovalent hydrocarbon radical 

h-l„ g fron ! t0 I2 carbon at<msi 

10 " -substituted aikyl radical having fro* 1 

AU ■ to 4 carbon atoms, 

* re prescnts thfi rfldlcal obtflined ^ rfimovai 

the terminal hydroxyl group from a polyalVyl- 
ene oxide chain having from about 5 to 90 
chain members, preferably from about 20 to 70 
cham members, of which at least about 40* 
preferably at least about 652, comprises "' 
ethylene oxide units and the remainder 
comprises other alkylene oxide such as 
propylene oxide, butylene oxide or styrene 
oxide units , preferably propylene oxide 
units, 

Y represents oxygen or -NR-- wherein R'" has 

the same definition as R", and 
2 represents a radical which corresponds to Y 

but may additionally represent -NH- 
£o™n ^! com P ou "ds corresponding to general 
formu ae (I) and «I> above may be produced by the 

3.920,598 (the disclosures of which are herein 
incorporated by reference), m addition to the 
disclosure^ of these two patents, it is noted that 

»en ioned th Sin8 ""^^ Pother alcohols 
mentioned therein as starting materials, it is also 
possible to use those of v 

cnose of the type where the polyether 
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segment, in addition to ethylene oxide units, also 
contains up to 60Z by weight based on polyether 
segment, of other alkylene oxide unit6 such as 
propylene oxide, butylene oxide or styrene oxide units, 
preferably propylene oxide units. The presence of such 
"mixed polyether segments" may afford specific 
advantages in certain cases. These "mixed polyether 
segments" are described in U.S. Patent A, 190, 566, the 
disclosure of which is herein incorporated by 
reference. 

Other particularly preferred hydrophilic 
components for incorporating lateral or terminal 
hydrophilic chains containing ethylene oxide units 
include compounds corresponding to the following 
general formula: 

H-Y'-X-Y-R" 

and/or compounds corresponding to the following general 
formula : 

OCN-R-NH-CO-Z-X-Y-R" 

wherein 

X, Y, Z, R and R" are as defined obove; and Y' 
corresponds in its meaning to Y, but may additionally 

represent -NH-. 

Monofunctionsl polyethers are preferably used, 
but preferably only in molar quantities of 10* , based 
on the polyisocyanate used, to guarantee the required 
high molecular weight structure of the polyurethane- 
urea. In cases where relatively large molar quantities 
of monofunctional alkylene oxide polyethers are used, 
it is advantageous to also use trifunctional starting 
compounds, although the average functionality of the- 
polymer starting components should preferably not 
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exceed about 2.1 in order to obtain substantially 
linear prepolymers. 

The monofunctional hydrophilic components are 
produced in accordance with the processes described in 
5 U.S. Patents 3,905,929 and 3,920,598 by alkylating of 
a monofunctional starter, such as n-butanol, using 
ethylene oxide and optionally another alkylene oxide, 
for example propylene oxide. The resultant product may 
be optionally further modified (although this is less 
10 preferred) by reaction with excess quantities of 

diisocyanates or by reaction with ammonia to form the 
corresponding primary amino-polyethers . 

The isocyanate-terminated prepolymers of the 
present invention are prepared by reacting the polyiso- 
15 cyanate component with the high molecular weight 

organic component containing, at least 2 isocyanate- 
reactive groups and the following optional components, 
i.e. the low molecular weight organic component 
containing at least 2 isocyanate-reactive groups, the 
20 component containing at least one anionic group or at 
least one potential anionic group and the component 
containing the hydrophilic ethylene oxide units. The 
potential anionic groups are groups which may be 
converted to anionic groups by treatment with 
25 neutralizing agents. The ratio of isocyanate groups to 
isocyanate-reactive groups is maintained between about 
1.1 to 3, preferably about 1.2 to 2 and most preferably 
about 1.3 to 1.5 on an equivalent basis. The above 
components may be reacted simultaneously or sequential- 
30 ly to produce the isocyanate-terminated prepolymer. 
Simultaneous reaction will lead to the production of 
random copolymers, whereas a sequential-type reaction 
will lead to the production of block copolymers. The 
order of addition of the compounds containing 
isocyanate-reactive hydrogen(s) in the sequential-tvpe 



35 
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reaction process is not critical; however, during the 
reaction of these compounds it is especially preferred 
to maintain an excess of isocyanate groups in order to 
control the molecular weight of the prepolymer and 
5 prevent high viscosities. 

The reaction temperature during prepolymer 
production is normally maintained below about 150 °C, 
preferably between about 50° and 130°C. The reaction 
is continued until the content of unreacted isocyanate 
10 groups decreases to the theoretical amount or slightly 
below. The finished prepolymer should have a free 
isocyanate content of about 1 to 8Z, preferably about 1 
to 51 by weight, based on the weight of prepolymer 
solids. It is possible to conduct the prepolymer 
15 reaction in the presence of catalysts known to 

accelerate the reaction between isocyanate groups and 
isocyanate-reactlve groups, such as organo-tin 
compounds, tertiary amines, etc.; however, the use of a 
catalyst is generally not necessary and it is often 
20 preferred to conduct the reaction without a catalyst. 

The prepolymers may be prepared in the 
presence of solvent provided that the solvent is 
substantially nonreactive in the context of the 
isocyanate-polyaddition reaction. The solvents are 
25 generally organic and may be comprised essentially of 
carbon and hydrogen with or without other elements such 
as oxygen or nitrogen. While it may not be necessary 
to employ a solvent during formation of the isocyanate- 
terminated prepolymer, the use of a solvent may be 
30 desirable to maintain the reactants in the liquid state 
as well as to permit better temperature control during 
the reaction by serving as a heat sink and, if desired, 
as a refluxing medium. * Solvents which may be employed 
include dimethylformamide , esters, ethers, ketoesters, 
35 ketones, e.g., methyl ethyl ketone and acetone, glycol- 
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ether-eBters, chlorinated hydrocarbons, aliphatic and 
alicyclic hydrocarbon-substituted pyrrolidinones, e.g., 
N-methyl-2-pyrrolidinone, hydrogenated furans, aromatic 
hydrocarbons, and the like, and mixtures thereof. The 

5 amount of solvent employed, if any, can vary widely. 

The amount of solvent employed should be sufficient to 
provide a prepolymer solution having a sufficiently low 
viscosity to enhance the formation of the polyurethane- 
urea dispersion of this invention; however, the 

10 solutions may be successfully employed in forming the 
dispersions even though the viscosity of the solution 
is relatively high at the temperature of the 
dispersion. Such viscosities may be as low as 100 
centipoise or above 10,000 centipoise, and only mild 

15 agitation need be employed to form the dispersion, even 
in the absence of an external emulsifying agent. Often 
about 0.03 to 10 parts by weight of solvent, preferably, 
about 0.02 to 2 parts by weight of solvent, per part by 
weight of the prepolymer can be used. However, the 

2o presence of a solvent for the prepolymer or the poly- 
urethane-urea is not necessary to provide a stable, 
aqueous dispersion. Often, when solvent is employed 
during the preparation of the isocyanate-terminated 
prepolymer and/or the polyurethane-urea it is desirable 

25 to remove at least a portion of the solvent from the 
aqueous dispersion. Advantageously, the solvent to be 
removed from the dispersion has a lower boiling point 
than water and thus can be removed from the dispersion 
by, for example, distillation. The removal of the low 

30 boiling solvent is desirably conducted under conditions 
which are not deleterious to the polyurethane-urea such 
as by vacuum distillation or thin film evaporation. A 
solvent having a higher boiling point than water such 
as dimethyl formamide, N-methyl-2-pyrrolidinone , and 

35 the like may be employed, in which case, the higher 
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boiling solvent is generally retained in the 
polyurethane-urea aqueous polymer dispersion to enhance 
the coalescence of the polyurethane-urea particles 
during film formation. 

In order to convert the carboxylic acid groups 
to carboxylate groups either before, during or after 
their incorporation into the polyur ethane -ureas, 
volatile organic bases are used to form the counterions 
of the anionic groups. Volatile organic bases are 
those wherein at least about 90Z of the organic bases 
used to form the counterions of the anionic groups may 
be removed from the dispersion by distillation after 
subsequent treatment with the nonvolatile cations. 

Suitable volatile organic bases for 
neutralizing the potential anionic groups are the 
primary, secondary or tertiary amines. Of these the 
trialkyl-substituted tertiary amines are preferred. 
Examples of these amines are trimethyl amine, triethyl 
amine, triisopropyl amine, tributyl amine, 
N t N-dimethyl-cyclohexyl amine, N,N-dimethylstearyl 
amine, N,N-dimethylaniline, N-methylmorpholine, 
N-ethylmorpholine ,N-methylpiperazine , 
N-nethylpyrrolidine , N-methylpiperidine, 
N,N-dimethyl-ethanol amine, N,N-diethylethanol amine, 
triethanol amine, N-methyl-diethanol amine, 
dimethyl-aminopropanol , 2-methoxyethyldimethyl amine, 
N-hydroxyethylpiperazine, 2-(2-dimethylamino- 
ethoxy)-ethanol and 5-diethylamino-2-pentanone. The 
most preferred tertiary amines are those which do not 
contain active hydrogen (s) as determined by the 
Zerewitinoff test since they are capable of reacting 
with the isocyanate groups of the prepolymers which can 
cause gelation, the formation of insoluble particles or 
chain termination. 
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The more volatile tertiary amines are 
especially advantageous since they do not take part in 
the isocyanate-polyaddition reaction and they may also 
b more easily reeved fro* the finished dispersion by 
distillation. Vhen isocyanate-terminated prepolymers 
cental ing potential anionic groups are formed, it 
vould be difficult to neutralize these groups prior to 
dispersion in water with p r i mary or 6econ J y ^J* 
due to the fact that these amines may react vith the 
free isocyanate groups of the prepolymer. In this 
content, these amines act .ore li ke chain terminators 
or chain extenders than neutralizing agents, and make 
the subsequent high molecular weight build-up during 
the aqueous chain extension step nore difficult and 
less predictable. Thus, if p rimary and secondary 
amines are used, they should preferably be used as 
neutralizing agents prior to the formation of the 
prepolyner. i. e . when the potentifll ^ ' 

converted to anionic groups prior to their 
incorporation into the prepolymer. However, the 
tertiary amines are preferred even when neutralization 
is conducted in this manner. 

"hen the potential anionic groups of the 
prepolymer are neutralized, they provide hydrophilicity 
to the prepolymer and better enable it to be stably 
dispersed in water. The potential or unneutralized 
anionic groups do not provide this degree of hydro- 
Philiclty. Accordingly, a sufficient amount of the 
Potential ionic groups must be neutralized so that when 
com ined with the optional hydrophilic ethylene oxJe 
unxts, the polyurethane-urea final product will be a 
stable dispersion. Generally, at least about 75Z 
preferably at least about 90Z, of. the potential anionic 
groups are neutralized to the corresponding anionic 
groups. Larger amounts of potential ionic groups may 
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remain unneutralized; however, there are no advantages 
to be gained from large quantities of unneutralized 
potential anionic _groups and their presence could be 
detrimental by minimizing the improvements in 
hydrolytic stability which are obtained in accordance 
with the present invention. Uhen smaller amounts of 
potential ionic groups are incorporated, it may be 
necessary to neutralize substantially all of these 
groups to obtain the desired amount of hydrophilicity. 
No firm guidelines can be given as to the amount of 
anionic groups needed, since the dispersibility of the 
polyurethane-urea depends on many factors including, 
but not limited to, the amount of hydrophilicity 
provided by the ethylene oxide units, the desired 
particle size and the application requirements. 

The initial neutralization of the carboxylic 
acid groups may be conducted 

1) prior to prepolymer formation by treating the 
component containing the potential ionic group(s) 

2) after prepolymer formation, but prior to 
dispersing the prepolymer or 

3) in some cases, by adding the volatile organic 
base to all or a portion of the dispersing water. 
The second option is preferred. The reaction between 
the volatile organic bases and the carboxylic acid 
groups may be conducted between about 20°C and 150°C, 
but is normally conducted at temperatures below about 
100°C, preferably between about 30 and 80°C and most 
preferably between about 50 and 70°C, with agitation of 
the reaction mixture. 

The isocyanate-terminated prepolymers may be 
converted into aqueous polyurethane-urea dispersions in 
accordance with the methods known in polyurethane 
chemistry. It is also possible in accordance with the 
present invention to mix dispersions prepared by the 
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different methods set forth hereinafter. In addition, 
it is possible to prepare one dispersion neutralized ' 
with volatile organic bases and a second dispersi n, 

prepared by the same or a different process, 
5 neutralized with nonvolatile cations which may 
subsequently be mixed either before or after the 
process according to the present invention is 
conducted. 

According to one process for preparing the 

10 polyurethane-urea dispersions, the isocyanate- 

terrainated prepolymer is prepared in the melt and 
subsequently dissolved in a suitable solvent and chain 
extended to form a polyurethane-urea. It is also 
possible in Accordance with this process to form the 

15 polyurethane-urea by the one-shot process wherein the 
prepolyner-forming reactants and chain extender are eP 
reacted in one step rather than by initially forming a 
prepolymer. The solution of the polyurethane-urea is 
then mixed with water and the solvent is removed by 

20 distillation to produce the aqueous polyurethane-urea 
dispersion. This process is disclosed in U.S. Patent 
3.479,310, herein incorporated by reference, and may be 
conducted with any of the polyisocyanates set forth as 
suitable for the preparation of the isocyanate- 

25 terminated prepolymers including the aromatic diiso- 
cyanates. However, the process is limited to the 
production of substantially linear polyurethane-ureas 
since cross-linked polyurethane-ureas may gel when 
prepared in the organic phase. 

30 Polyurethane-urea dispersions may also be 

prepared in accordance with U.S. Patent 3,756,992 by 
converting the terminal isocyanate groups of a 
hydrophilic prepolymer to acylated amino groups by 
reaction with urea, ammonia or other suitable 

35 compounds. The acylated amino end groups are then 
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converted to methylol end groups by reaction with 

formaldehyde or relat d compounds either before, 

during, or after the addition of water. The methylol 

end groups are then linked through methylene bridges by 

heating the dispersions. This process may be conducted 

with 8ny of the polyisocyanates set forth as suitable 

for the preparation of isocyanate-terminated 

prepolymers including the aromatic diisocyanates. 

An additional method of forming the aqueous 

polyurethane-urea dispersions is by conducting the 

chain extension of the isocyanate-terminated 

prepolymers in an aqueous medium. In one embodiment 

hydrophilic, isocyanate-terminated prepolymers are 

mixed with at least partially blocked, diamine or 

hydrazine chain extenders in the absence of water and 

the mixture is then mixed with water which releases the 

blocking agent to allow chain extension of the 

prepolymers. Processes of this type are disclosed in 

German Of fenlegungsschrif t 2,725,589 or U.S. 

Application Serial No. 447,575 filed December 7, 1982, 

and in U.S. Patents 4,269,748., 4,192,937 and 

4,292,226. Aromatic diisocyanates may also be used to 

prepare the isocyanate-terminated prepolymers to be 

used according to these processes; however, prepolymers 

containing aliphatically- and/or cycloaliphatically- 

bound terminal isocyanate groups are preferred. 

The preferred method of conducting the chain 

extension of the isocyanate-terminated prepolymer in an 

aqueous medium is by dispersing the prepolymer in water 

and subsequently adding the chain extender. To form 

the dispersion either water is added to the prepolymer 

or preferably the prepolymer is added to water. 

Prepolymers containing aliphatically- and/or cyclo- 

aliphatically bound terminal isocyanate groups are 

especially preferred when chain extension is conducted 
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m the presence of an aqueous medium. If it is desired 

to chain extend prepolymere containing aromatically- 
bound, terminal isocyanate groups by this method, then 
it is preferable to block the isocyanate groups prior 
5 to contact with water as disclosed in U.S. Patent 
4,387,181. 

It is also possible to prepare cross-linked 
dispersions in accordance with this process by using 
chain extenders, having an average functionality greater 

10 than 2 in accordance with U.S. Patents 4,408,008 or 
4,203,883. If the prepolymer is dispersed by adding 
water to the prepolymer with agitation, the viscosity 
of the mixture increases significantly, since initially 
the organic phase is continuous. As the addition of 

15 water is continued, a point is reached where a phase 
change occurs and the aqueous phase becomes continuous 
and the viscosity decreases. The remaining portion of 
the water is then added, If the neutralizing agent is 
in the dispersing water, then it is important that 

20 sufficient anionic groups be present to produce a 

stable dispersion at the point of phase change when 
combined with the hydrophilic effect of the ethylene 
oxide units. This problem may be obviated by adding 
all of the neutralizing agent with a portion of the 

25 dispersing water which is insufficient to cause the 

phase change, followed by the addition of the remaining 
water. This problem nav-also.be overcome by 
incorporating excess hydrophilic ethylene oxide units 
and/or potential anionic groups into the prepolymer, or 

30 by using an excess of the volatile neutralizing agent. 
However, these latter methods are less preferred since 
they may minimize the improvements in hydrolytic 
stability which are obtained in accordance with the 
present invention. 

35 
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When the prepolymer is added to the water 
significant increases in viscosity do not occur. In 
addition, if alternative 3 is used for neutralization r 
all of the neutralization agent is present in the water 
5 prior to the addition of the prepolymer. In addition, 
the problems discussed in the preceding paragraph are 
not encountered when the initial neutralizing agent is 
present in the dispersing water since all of the water 
is initially present. 
10 The prepolymer is usually added in increments 

to the water or water-neutralizing agent mixture. The 
aqueous mixture is preferably agitated during the 
addition of the prepolymer to assist in forming the 
dispersion. Any low boiling solvent present during 
15 prepolymer formation may be removed prior to dispersing 
the prepolymer; however, it is preferred to remove the 
solvent after the dispersion is formed since the 
solvent, especially water miscible solvents will 
facilitate the formation of the dispersion and, also, 
20 the subsequent reaction with the amine chain 

extenders. The presence of solvent i6 especially 
preferred when the dispersion is formed by adding water 
to the prepolymer since it helps to reduce the 
viscosity peak normally encountered with this process. 
25 After the formation of the dispersed, 

isocyanate-terninated prepolymer the amine chain 
extenders should be added before the reaction of the 
terminal isocyanate groups with water proceeds to any 
significant extent, normally within about 30 minutes, 
30 preferably within about 15 minutes depending on the 
temperature. 

The aqueous polyurethane-urea dispersions of 
the present invention are formed by reacting the 
isocyanate-terminated prepolymers with a polyamine or a 
35 mixture of polyamines in accordance with the previously ■ 
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described processes. The average functionality of the 
amine, i.e., the number of amine nitrogens per 
molecule, should be between about 2 and 6, preferably 
between about 2 and A and most preferably between about 

5 2 and 3. the desired functionalities can be obtained 
by using mixtures of polyamines. For example, a 
functionality of 2.5 can be achieved by using equimolar 
mixtures of diamines and triamines. A functionality of 
3.0 can be achieved either by using 

10 1) triamines, 

2) equimolar mixtures of diamines and 
tetracaines, 

3) mixtures of 1 and 2 , or 

4) any other suitable mixtures. 

15 These other suitable mixtureF for obtaining the desired 
functionalities will be readily apparent to those of 
ordinary skill in the art. 

Suitable amines are essentially hydrocarbon 
polyamines containing 2 to 6 amine groups which have 

20 isocyanate-reactive hydrogens according to the 

Zerewitinoff test, e.g., primary or secondary Amine 
groups. The polyamines are generally aromatic, 
aliphatic or alicyclic amines and contain between about 
1 to 30 carbon etoms, preferably about 2 to 15 carbon 

25 atoms, and most preferably about 2 to 10 carbon atoms. 
These polyamines may contain additional substituents 
provided that they are not as reactive with isocyanate 
groups as the primary or secondary amines. Examples of 
polyamines for use in the present invention include the 

30 amines listed as low molecular weight compounds 

containing at least two isocyanate-reactive amino 
hydrogens, and also diethylene triamine, triethylene 
tetramine, tetraethylene pentamine, pentaethylene 
hexamine, N,H ,N-tris- (2- aminoe thy 1) amine , 

35 N-(2-piperazinoethyl) -ethylene diamine, 

K,N , -bis-(2-aminoethyl)-piperazine, N,N,N'- 
Mo-2698 
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tns-(2-aminoethyl)ethylene diamine, N-[N- (2-amino- 
ethyl) -2-aminoethyl] -NM2-aminoethyl)-piperazine, 
N- (2-aminoethyl) -N'-(2-piperazinoethyl)-ethylene 
diamine , N ,N-bis- (2-aminoethyl ) -N- (2-piperazinoethyl) - 

5 amine, N,N-bis-(2-piperazinoethyl)-amine, polyethylene 
imines, iminob ispropyl amine , guanidine, melamine, 
N-( 2-aminoethyl) -1,3 -propane diamine, 3,3'-diamino- 
benzidine, 2 ,4 ,6-triaminopyrimidine, polyoxypropylene 
amines, tetrapropylenepentamine , tripropylenetetramine , 

10 N,N-bis-(6-aminohexyl)amine, N,N' -bis- (3-aminopropyl)- 
ethylene diamine and 2 f 4-bis-(4'-aminobenzyl) -aniline. 
Preferred polyamines are l-amino-3-aminomethyl-3,5,5- 
trimethyl-cyclohexane (isophorone diamine or IPDA) , 
bis- (4 -aminocyclohexyl ) -methane , bis- ( 4 - amino -3 -me thy 1- 

15 cyclohexyl) -methane, 1 ,6-diaminoheXane . ethvl etie 

diamine, diethylene triamine, triethylene tetramine, 
tetraethylene pentainine and pentaethylene hexamine. 
Polyamines containing tertiary amino groups are less 
preferred in accordance with the present invention. 

20 Tti e amount of polyamine chain extender to be 

used in accordance with the present invention is 
dependent upon the number of terminal isocyanate groups 
in the prepolymer. Generally, the ratio of terminal 
isocyanate groups of the prepolymer to the amino 

25 hydrogens of the polyfunctional amine is between about 
1.0:0.6 and 1.0:1.1, preferably between about 1.0:0.8 
and 1.0:0.98 on an equivalent basis. Lesser amounts of 
the polyamine will allow for too much undesired 
reaction of the isocyanate groups with water, while an 

30 undue excess may lead to products with undesirably low 
molecular weights. For the purposes of these ratios a 
primary amino group is considered to have one amino 
hydrogen. For example, ethylene diamine has two 
equivalents of amino hydrogens , while diethylene 

35 triamine has three equivalents. 
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The reaction between the isocyanate-terminated 
prepolymer and the polyamine is generally conducted at 
temperatures from about 5 to 90'C, preferably from 
about 20 to 8CPC, and most preferably from about 30 to 
60'C. The reaction conditions are normally maintained 
until the isocyanate groups are essentially completely 
reacted. In order to reduce the presence of localized 
concentrations gradients when conducting the chain 
extension in an aqueous medium, the polyamine is 
preferably added in increments to the dispersed 
prepolymer which is normally agitated to ensure 
complete mixing of the polyamine throughout the aqueous 
medium. The polyamine may be added to the aqueous 
medium in its pure form or it may be dissolved or 
dispersed in water or an organic solvent. Suitable 
organic solvents are those previously described for use 
in preparing the isocyanate-terminated prepolymer. 

In order to improve the hydrolytic stability of 
polyurethane-urea dispersions initially neutralized with 
volatile organic bases in accordance with the process of the 
present invention, specific alkali metal salts are used to 
replace the volatile organic bases as the neutralizing agent 
for the carboxylic acid groups. The alkali metal salts 
are admixed with either the chain extended, 
polyurethane-urea dispersion or to the initially 
neutralized, dispersed prepolymers prior to chain 
extension, and the displaced, volatile organic bases 
are subsequently optionally removed by distillation. 

Suitable alkali metal salts are those based on 
anions of weak organic or inorganic acids having a pKa 
greater than 0, preferably greater than 5. The most 
preferred anions are those which do not remain in the 
dispersions such as hydroxides, carbonates, 
bicarbonates and hydrides. Preferred alkali metals are 
sodium, potassium and lithium, with sodium being 
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particularly preferr d. The most preferred salts 8re 
sodium carbonate and sodium bicarbonate. 

In general, the process according to the 
invention may be carried out by adding the alkali metal 

i salts to polyurethane-urea dispersions containing 

anionic groups formed by neutralizing carboxylic acid 
groups with volatile organic bases. The alkali metal 
salts are added in an amount sufficient to displace at 
least a portion, preferably substantially all of the 

.0 volatile organic bases used to neutralize the potential 
anionic groups, preferably carboxylic acid groups. 
Since films or coatings prepared from aqueous 
polyurethane-urea dispersions containing anionic groups 
neutralized with alkali metal salts possess better 

.5 hydrolytic stability than corresponding films or 
coatings prepared from aqueous polyurethane-urea 
dispersions containing anionic groups neutralized by 
volatile organic bases the improvement in hydrolytic 
stability corresponds to the amount of volatile organic 

10 bases which are displaced by the alkali metal cations. 
Small excesses of the alkali metal salts may be used, 
b\it are not preferred, and large excesses may even be 
detrimental, especially in dispersions which rely 
substantially upon anionic groups to provide 

25 hydrophilicity . 

It is also possible, although less preferred, 
to conduct the process at the prepolymer stage of the 
dispersion by adding the alkali metal salts to the 
dispersing water or by adding the alkali metal salts to 

30 the initially neutralized dispersed prepolymer prior to 
chain extension. Obviously, it is not possible" to add 
the alkali metal salts to the dispersing water if the 
initial neutralization is to be conducted by adding the 
volatile organic bases to the dispersing water. In 

35 this case the alkali metal salts must be added to the 
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dispersed prepolymer or, preferably, to the 
polyurethane-urea dispercion after chain extension. 
Generally, the addition of the alkali metal salts at 
the prepolymer stage is. less effective since these 
5 salts can catalyze the water/isocyanate reaction, 
reducing the number of available NCO-groups for 
subsequent chain extension with polyamines . 
Accordingly, unless the prepolymers have low NCO 
contents, have blocked isocyanate groups or have been 
10 fully chain extended prior to dispersion in water, it 

is preferred to add the alkali metal salts to thefully 
chain extended polyurethane-urea dispersion. 

While the process of the present invention may 
be carried out by simply adding the alkali metal salts. 
15 it is preferred to also remove the volatile organic 
bases by distillation, preferably under reduced 
pressure, after chain extension to form the 
polyurethane-urea dispersions. The distillation may be 
carried out at temperatures of up to about 100°C, 
20 preferably «t about 50° to 80 C C. The temperature is" 
dependent upon the pressure at which the distillation 
is conducted because the pressure affects the 
volatility of the volatile organic base. It is noted 
that the use of high temperatures for prolonged periods 
25 may affect the dispersion, e.g. by causing 

discoloration or in some cases, if nonionic hydrophilic 
groups are present, by causing coagulation of the 
dispersion due to the reduced effectiveness of these 
hydrophilic groups at elevated temperatures. 
30 Therefore, it is preferred to decrease the distillation 
temperature by operating under reduced pressure, i.e. 
at pressures as low as about 0.] mm of Hg. The 
distillation may be carried out by simple heating or in 
conventional apparatuses such as falling film or thin 
35 layer evaporators. 
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The final product is a stable, aqueous 

dispersion of polyurethane-urea particles having a 

solids content of up to about 60Z by weight, preferably 

about 15-602 by weight and most preferably about 30-45Z 

5 by weight. However, it is always possible to dilute 
the dispersions to any minimum solids content desired. 
The particle size is generally below about 1.0 micron, 
and preferably between about 0.001 to 0.5 microns. The 
average particle size should be less than about 0.5 

10 ' micron, and preferably between 0.01 to 0.3 microns. 

The small particle size enhances the stability of the 
dispersion and also leads to the production of films 
with high surface gloss. 

Even though the polyurethane-urea dispersions 

15 of the subject application contain ionic groups they 
are largely unaffected by electrolytes if they also 
contain hydrcphilic, ethylene oxide units. This 
provides, for example, for the acid-catalyzed cross- 
linking of the latex particles with formaldehyde or 

20 formaldehyde derivatives; similarly they nay be 

pigmented with electrolyte-act ivn pigments or dyes. 
Another property of the dispersions according to the 
present invention is that they may be coagulated which 
makes them suitable for processing into films permeable 

25 to water vapor simply by heating. 

The dispersions may be blended with other 
dispersions, for example, with polyvinyl acetate, epoxy 
resins, polyethylene, polystyrene, polybutadiene, 
polyvinyl chloride, polyacrylate and copolymer plastics 

30 dispersions. The addition of known, chemically 

nonfixed, ionic emulsifiers is also possible but not 
preferred. Fillers, plasticizers , pigments, carbon 
black, silica sols and the known levelling agents, 
wetting agents, antifoaming agents, stabilizers, "etc. 

35 may also be incorporatrd into the dispersions. 
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The dispersions of the polyurethane-ureas in 
water are generally stable, storable and transportable, 
nnd may be processed at a later stage, for example, by 
foaming. In general, they dry directly into dimension- 

5 ally stable coatings, although formation of the end 
products may also be carried out in the presence of 
known cross-linking agents. Polyurethane-ureas having 
different properties may be obtained according to the 
chemical composition selected and to the urethane group 

Iq content. Thus, it is possible to obtain soft, tacky 
compositions, and thermoplastic and elastomeric 
products having a variety of different hardnesses up to 
glass-hard duroplasts. The hydrophilicity of the 
products may also vary within certain limits. The 

ls elastomeric products may be thermoplastically processed 
at elevated temperatures, for example, at from about 
100° to 180°C, providing they are not highly cross- 
linked. 

The end products of the process are suitable 
2q for coating and impregnating woven and nonwoven 

textiles, leather, paper, wood, metals, ceramics, 
stone, concrete, bitumen, hard fibers, straw, glass, 
porcelain, plastics of a variety of different types, 
glass fibers for antistatic and crease-resistant 
25 finishing; as binders for nonwovens, adhesives, 

adhesion promoters', laminating agents, hydrophobizing 
agents, plasticizers; as binders, for example, for cork 
powder or sawdust, glass fibers, asbestos, paper-like 
materials, plastics or rubber waste, ceramic materials; 
30 as auxiliaries in textile printing and in the paper 
industry; as additives to polymers as sizing agents, 
for example, for glass fibers; and for finishing 
leather. 
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The dispersions may also be applied to a 
porous substrate which subsequently remains bonded to 
the end product, such as woven or nonwoven textile 
structures. and fiber mats, felts or nonwovens, also 

5 paper webs, foam sheeting or split leather which by 
virtue of their absorbing action cause the coating to 
harden immediately. This is followed by drying and, 
optionally, pressing at elevated temperatures. 
However, drying may also be carried out on smooth, 

10 porous or nonporous materials, for example, metal, 
glass, paper, cardboard, ceramic materials, sheet 
steel, silicone rubber, aluminum foil, the end sheet 
structure subsequently being lifted off and used as 
such, or applied to a substrate using the reversal 

15 process by bonding, flame lamination or calendering. 

Application by the reversal process may be carried out 
at any time. 

The properties of the end products may be 
modified by using vinyl polymers or active end inactive 

2o fillers. It is also possible to use, for example, 
polyethylene, polypropylene, polyvinyl acetate, 
ethylene/vinyl acetate copolymers which may optionally 
be (partially) hydrolyzed and/or grafted with vinyl 
chloride, s tyrene-butadiene copolymers, ethylene 

25 (graft) copolymers, polyacrylates , carbon black, 

silica, asbestos, talcum, kaolin, titanium dioxide and 
glass in the form of powder or in the form of fibers or 
cellulose. Depending upon .the required property 
spectrum and the application envisaged for the final 
product, up to about 70Z, based on total dry substance, 

30 these fillers may be present in the final product. 

Dyes or additives which influence flow properties may, 
of course, also be added. 
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Drying of the product obtained by various 

application techniques may be carried out either at 

room temperature or at elevated temperature. The 

drying temperature to be selected in each individual 

5 case, which is governed not only by the chemical 

compositions of the material, but above all by its 
moisture content, the drying time and the layer 
thickness, is readily determined by a preliminary 
test. For a given heating time, the drying temperature 

10 must always be below the solidification temperature. 

Extremely hard polyurethane-ureas obtained 
from finely divided dispersions and sols are suitable 
for use as stoving lacquers and, in some cases, even as 
air-drying lacquers. They combine extreme hardness and 

15 elasticity with high gloss, favorable light stability 
and weather resistance. 

These polyurethane dispersions are specifi- 
cally suited for coatings on vinyl fabrics used in 
automotive seating and commercial upholstery. In these 

20 application areas, properties like plasticizer barrier 
effect, improved abrasion resistance and good 
hydrolytic and UV-resistance are of importance. They 
are also useful as coatings for textiles such as 
tarpaulins, specifically for military application where 

25 properties like excellent toughness and retained 
properties after aging are essential. 

Business machine housings which are made from 
plastic materials and where solvent borne coatings can 
attack the surface are another important application 

30 for these aqueous polyurethane-urea dispersions. 
Additionally, they are excellently suited to coat 
bowling alleys, as chip resistant coatings in 
. automotive applications, for furniture, aircraft, foil 
and paper. They are also valuable as a co-binder for 
acrylic dispersions to improve properties like alcohol 
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resistance, flexibility and appearance of resulting 
coatings. 

The invention is further illustrated but is 
not intended to be limited by the following examples in 
which all parts and percentages are by weight unless 
5 otherwise specified. 

The viscosities were determined at 23°C. The figures of "yield", "modulus", 
"failure" (N/mm 2 ) and "ultimate elongation" {%) were obtained according 
to ASTM D-882-81. The tests were run at 23°C. 

EXAMPLES 

10 Example I 

194.5 parts of a polyester diol (of adipic acid and 
1 ,6-hexanediol having an OH-number of 134), 26.1 parts 
of neopentyl glycol, 20.4 parts of a, a- dime thy lol- 
propionic acid, 8.2 parts of a polyether monoalcohol of 

15 n-butanol, ethylene oxide and propylene oxide (in a 

molar ratio 83:17) having an OH-number of 26 and 235.0 
parts of ll-methyl pyyrolidinone were combined and 
heated to 60°C and stirred for 10 minutes. 250.5 parts 
of bis- (4-isocyanatocyclohexyl)methane were added to 

20 the homogeneous mixture which was then heated to 110°C 
for 3 hr. The free isocyanete content was determined 
to be 3.5Z. The prepolymer was cooled to 65°C and 
then 15.1 parts of triethylamine end 8.2 parts of 
Surfonic N-300 (Jefferson Chemical Co. , 1540 MW ethoxy- ... 

25 lated nonyl phenol) were added. The prepolymer was 
added to 571.0 parts of vigorously stirred distilled 
water (35°C) over an 8 min. period. After 3 min. ad- 
ditional stirring a solution of 8.5 parts ethylene- 
diamine, 7.0 parts isophorone diamine, 4.7 parts di- 

30 ethyl enetriamine and 123.0 parts distilled water was 
added to the dispersion over a 6 min. period. The 
dispersion was heated to 70°C and stirred at that 
temperature for 2 hours. The wet properties of the 
dispersion are given in Table I. Films were prepared 
on glass plates (10 mil wet film thickness) and dried 
and aged 1 week at room temperature. Hydrolytic 
stability was determined by comparing the stress/strain 

Mo-2698 



-39- • 

properties of the films prepared from this dispersi n 
both prior to and after 1 week and 2 weeks storage at 
70°C, 951 relative humidity. The results of hydrolytic 
stability (average of triplicate determinations) are 
listed in Table II. 
Examples II - XVII 

To aliquots of 400.0 parts of the dispersion 
described in Example I were added the salts listed in 
Table I. The samples were heated to 70 °C under reduced 
pressure (20 mm Hg) for 2-4 hours except for Examples 
II and XV which were only heated. Af ter N cooling to 
room temperature, the solids content of each was deter- 
mined and adjusted with distilled water to 35. 4Z. The 
wet properties of the dispersions are given in Table 
I. Films were prepared of the samples that did not 
gel, and their hydrolytic stability was tested as in 
Example I. The results are listed in Table II. 
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Examvle XVIII . ' **n*T? 

187.0 parts of a polyester diol (of adipic acid and 
1 f 6-hexanediol having an OH-number of 134), 14.9 part6 
of a f a-dimethylolpropionic acid, 3.2 partB of a poly- 

5 ether monoalcohol of n-butanol t ethylene oxide and 

propylene oxide (in a molar ratio or ethylene oxide to 
propylene oxide 83:17) having an OH-number of 26 and 
82.1 parts of N-methyl pyrrolidinone were combined and 
heated to 70°C. The mixture was stirred until homo- 

10 geneous. To the mixture was added 114.0 parts bis-(4- 
isocyanatocyclohexyDmethane. The mixture was stirred 
and heated to 105°C for two hours. The free isocyanate 
content was determined to be 1.9Z. The prepolyraer was 
cooled to 70°C and 10.7 parts of triethyl amine and 56.5 

15 parts of N-methyl pyrrolidinone were added. The re- 
sulting anionic prepolyncr was added to 390.0 parts of 
distilled water (38°C) with vigorous stirring applied. 
A solution of A. 9 parts diethylenetriamine and 62.9 
parts distilled water were added to the dispersed pre- 

2o polymer over a ten minute period. An additional 141.1 
parts of distilled water were added to reduce the 
viscosity of the resulting dispersion. The dispersion 
was heated to 70 °C and maintained at that temperature 
with stirring for 2 hours. The wet properties of the 

25 dispersion are given in Table III. Films were pre- 
pared, and their hydrolytic stability tested as in 
Example I. The results are listed in Table IV. 
Examples XIX - XXI 

To aliquots of 400.0 parts of the dispersion 

30 described in Example XVIII were added the materials 

listed in Table III. The samples were heated to 70°C 
under reduced pressure (20 mm Hg) for 2-4 hours. After 
cooling to room temperature the solids content of each 
was determined and adjusted with distilled water to 

35 29. 6Z. The wet properties* of the dispersions are given 
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in Table III. Films were prepared and their hydrolytic 
stability was tested according to Example I. The 
results are listed in Table IV. 
Examples XXII 

5 187.0 parts of a polyester diol (of adipic acid and 

3 ,6-hexanediol having an OH-number of 134), 14.9 parts 
of a a ,a-dimethylolpropionic acid, and 82.1 parts of 
N-methyl pyrrolidinone vere combined and heated to 
70 °C. The mixture was stirred until homogeneous. To 

10 the mixture was added 114. 0 parts of bis-(4- isocyanato- 
cyclohexyl)methane. The mixture was stirred and heated 
to 105°C for two hours. The free isocyanate content 
was detemined to be 1.8Z. The prepolymer was cooled 
to 70°C and 10.7 parts of triethylamine and 56.5 parts 
of N-methyl pyrrolidinone were added. The mixture was 

15 heated to 70°C and stirred at that temperature for 30 
minutes. The resulting anionic prepolymer was added to 
350,0 parts of distilled water (38°C) with vigorous 
stirring applied. Solutions of 4.8 parts diethylene- 
trianine, 1.2 parts of N-methyl pyrrolidinone and 60.0 

20 parts distilled water were added to the dispersed pre- 
polymers over a ten minute period. The dispersion was 
heated to 70 °C and maintained at that temperature with 
stirring for 2 hours. After cooling to room 
temperature, the solids content was determined and 

25 adjusted with distilled water to 29. 6Z. The wet 

properties of the dispersion are given in Table III. 
Films were prepared and their hydrolytic stability 
tested as in Example I. The results are listed in 
Table IV. 

30 Example XXIII 

To 400.0 parts of the dispersion described in 
Example XXII were added the materials listed in Table 
III. This sample was heated to 70°C under reduced 
pressure (20 mm Hg) for 2-4 hours. After cooling to 
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room temperature, the solids content was determined and 

adjusted with distilled water to The wet 

properties of the dispersion are given in Table III. 

Films were prepared and their hydrolytic stability was 

tested as in Example I. The results are listed in 

Table IV. 
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Although the invention has been described in 

detail in the foregoing for the purpose of 

illustration, it is to be understood that such detail 

is solely for that purpose and that variations can be 

made therein by those skilled in the art without 

departing from the spirit and scope of the invention 

except as it may be limited by the claims. 
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1. A process for the preparation of an 
aqueous polyurethane-urea dispersion with improved 
hydrolytic stability characterized in that the process comprises 

a) forming an aqueous polyurethane-urea 
dispersion, optionally by initially forming an 
aqueously dispersed isocyanate-terminated 
prepolymer, containing 

i) about 5 to 120 milliequivalents per 100 
grains of polyurethane-urea of chemically 
incorporated anionic groups wherein at 
least about 502 of said anionic groups 
are carboxylic acid groups neutralized 
with volatile organic bases and 

ii) up to about 10Z by weight, based on the 
weight of said polyurethane-urea, of 
lateral and/or terminal hydrophilic 
chains containing ethylene oxide units, 

b) converting the volatile organic 
base-neutralized carboxylic acid groups to 
non-volatile cation-neutralized carboxylate 
groups by adding an alkali metal salt of an 
organic or inorganic acid having a pKa greater 
than 0 to the aqueous polyurethane-urea 
dispersion of (a) or, in the case of an aqueous 
polyurethane-urea dispersion prepared by 
chain-extending an isocyanate-terminated 
prepolymer satisfying the requirements of (a) 
(i) in the aqueous phase, by adding the alkali 
metal salt to the aqueous polyurethane-urea 
dispersion of (a) or to the aqueous medium used 
for dispersing the isocyanate-terminated 
prepolymer either before or after dispersing 
the prepolymer therein, in an amount sufficient 
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to displace at least a portion of said volatile 

organic bases and, optionally, 

c) removing at least a portion of the volatile 

organic base by distillation, optionally under 

reduced pressure. 

2. The process of Claim 1 which comprises 
removing at least a portion of the volatile organic 
bases by distillation. 

3. The process of Claim 1 wherein said weak 
organic or inorganic acids have a pKa greater than 5. 

k. The process of Claim 1 wherein said alkali 
metal salt comprises a member selected from the group 
consisting of sodium carbonate and sodium bicarbonate. 

5. The process of Claim 1 wherein at least 
about 80Z of said anionic groups are carboxylic acid 
groups neutralized with volatile organic bases. 

6. The process of Claim 1 wherein said 
volatile organic bases are tertiary amines. 
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